May 1981 is a collective of six countries or nations Bahrain, Kuwait, Oman, Qatar, Saudi Arabia and UAE. The GCC countries with their growing population require more energy for basic needs. Almost 99% of power generation in GCC is from oil and natural gas but as most of the countries are largely committed to the export of these commodities, now they are facing domestic shortage for power generation. The expected period of lasting oil reserves in the GCC differs between states and the countries with shorter oil production ability require urgent diversification policies. Ample availability of mainly solar and wind energy along with the capacity to invest, offers GCC significant opportunities to become a leader in the renewable energy industries. GCC has established a Centre of Excellence in Renewable Energy Research in the gulf region with a presence in each of its six states. It focuses mainly on promoting scientific and technological development in renewable energy sector, increasing public awareness, enhancing knowledge and technology transfer. This paper presents a review of potential renewable energy sources and projects in GCC.
I. INTRODUCTION
Gulf Cooperation Council (GCC) over the past three decades has witnessed tremendous social and economic transformations. In 1970s GCC countries started developing their infrastructure by building roads, hospitals, public utilities and schools from oil revenues. In 1974 and 1981 oil price almost doubled followed by another oil boom in 2005. This marked a new phase of economic development and growth in GCC. Also the export of oil brought in surplus cash which exceeded their requirements. The fast growing economies of GCC forced countries to utilize their natural gas resource as well. . But in 2009 due to the global financial crisis, the Arab world faced major decline in the energy sector investment. Most of the national oil companies rescheduled their projects. By the time remaining oil and gas production for GCC had started declining. Thus it became necessary to look into new sources of energy [1] .
Renewable energy describes energies which come from natural resources like sunlight, wind, tides, waves and geothermal heat, which will not run out ever and do not harm our environment. It is energy efficient, ensures energy security and economic benefits. Renewable energy is an Manuscrpit received June 14, 2014; revised August 11, 2014 . Kavita S. Jerath and Akshay Sharma are with Bits Pilani Dubai, DIAC, Dubai (e-mail: genesis1905@gmail.com).
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alternative for conventional fuels in four areas: generation of electricity, hot water or space heating, motor fuels and rural energy services. Some of the advantages and disadvantages of using renewable energy sources are given below:  Advantages include 1) Sustainable 2) Less maintenance and operating cost than traditional generators 3) Produce little or no pollution 4) Economic benefits  Disadvantages include 1) Difficult to produce large quantities of power 2) More energy facilities needed 3) Unpredictable and inconsistent availability of sources 4) High capital cost
II. RENEWABLE POTENTIAL IN THE MIDDLE EAST
There is a large potential for renewable resources in the Middle East which, up to this point, have remained largely untapped. This is especially true of solar power; its potential in the Middle East North Africa (MENA) region alone far exceeds global electricity demand. The earth receives an incredible supply of solar energy -the sun provides enough energy in one minute to supply the world's energy needs for a full year. In one day it provides more energy than our current population would consume in 27 years [2] . According to a report by the Electrical Engineering Department at King Saud University, the Middle East receives 3,000 -3,500 hours of sunshine per year, with more than 5.0 kW/m 2 of solar energy per day. 2) Bringing electricity to rural and under-developed areas.
3) Increasing women's economic empowerment [2] .
IV. COUNTRY WISE OVERVIEW
The Pie charts shows about the availability of various renewable energy being used in the GCC countries. The potential and availability of renewable energy in Bahrain is shown in Fig. 1 . It can be seen that solar energy has the highest percentage as the strategically located Bahrain receives ample sunlight all the time. The availability of renewable energy in Kuwait is shown in Fig. 2 . It is observed that solar and wind energy has the highest percentage as the climate conditions favor high gusts of wind and solar.
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Fig . 3 shows the availability of renewable energy in Oman and compared with potential of other renewable energy. It can be noticed that solar and biofuel has the highest percentage of availability as Oman's hydrocarbons sector accounted for 86% of government revenues. Fig. 4 depicts the availability of renewable energy in Qatar and compared with solar and potential of other renewable energy. It is observed that bio-fuel has the highest percentage of availability in Qatar as the electricity generation capacity has an annual growth rate of 70%. The potential and availability of renewable energy in Saudi Arabia is shown in Fig. 5 . It can be found that solar, geothermal are the maximum as the annual sunshine on Saudi is extremely high which supports the former as well as the latter.
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The variation and availability of renewable energy in UAE is depicted in Fig. 6 . It can be seen that solar power generation has the highest percentage as receives ample sunlight all the time. [7] , [8] .
V. RENEWABLE ENERGY PROJECTS-GOVERNMENT SECTOR
A. Bahrain
C. Oman
According to Oman Power and Water Procurement Company (OPWPC) the peak demand for water and electricity reached 3,856 MW in 2010 which is a 46.4% increase since 2005. In fact electricity demand is expected to rise in future due to growing population and government policy for economic diversification which has led to increasing establishment of industrial and touristic projects all over Oman. 1) In 2008 International consultants COWI and Partners LLC., were commissioned by the regulatory authority to study and identify the renewable sources. Significant solar and wind energy potentials were identified and developers were invited by the authority for small scale pilot projects to confirm the performance and efficiency of renewable energy technologies under local conditions. The locations were supplied by Rural Areas Electricity Companies (RAEC). From the proposals the authority confirmed a shortlist of 6 pilot projects out of which two projects were for immediate implementation a) 500 KW wind energy project in Masirah Island b) 100 KW photovoltaic (PV) [20] .
VI. COUNTRY WISE ANALYSIS IN GCC
A. Demonstration Projects The demonstration projects of renewable energy in GCC are shown in Fig. 7 . It can be noticed that Oman has the highest demonstration projects compared to other GCC. In Oman, a 9 MW diesel generator and 10 wind turbines of 900 KW each installed at Masirah Island. Ministry of water resources started a project on the use of brackish water for crop irrigation. It produced electricity by two 50 KW diesel generators, water by PV solar desalination and a 10 KW wind turbine was also installed by Oman Solar Systems.Oman is byfar the leading country in demonstration projects in GCC [21] . Fig. 8 depicts the Public Campaigning Projects in Middle East. It is observed that UAE has the highest public campaigning projects compared to other countries. In 2006, Masdar Institute of Science and Technology was established in UAE. People are made aware through posters and TV ads which is a very good way to spread awareness. Awareness programs are conducted in schools and colleges. UAE is leading in public campaigning programs. 
B. Public Campaigning Projects
1) Renewable energy equipments manufactureres in GCC
Number of renewable energy equipments manufactureres in GCC is shown in Fig. 9 . From the figure it can be noticed that Saudi Arabia is the leading country for manufacturing of all kind of renewable energy equipments. Saudi Arabia has 14 companies which manufacture energy equipments. UAE comes second with 7 companies , followed by bahrain and kuwait with 4 each. 
2) Correlation between initiatives and current activities
VIII. OVERCOMING PROBLEMS
1) The development of solar-power electricity requires additional infrastructure; solar electricity must be generated where the best resources exist, which is often far from population centres. 2) Additional material costs need to be considered.
Extensive investment in transmission infrastructure to bring it to consumption centres are required which should be kept in mind and the investment should be accordingly calculated. 3) Dust has a drastic impact on PV performance. Thus, the equipment should go through rigorous testing for sandblasting, environmental sealing, and corrosion. 4) Large Scale Batteries should be used to store the energy which later can be used. Thus no loss of energy is present [1] , [23] .
IX. REGULATORY BARRIERS
Country Barriers
Bahrain Lack of investment in renewable energy projects.
Kuwait
(i) Reliance on oil as fuel and its revenue reduces the utilization of renewable energy (ii)Less involvement of public sector for investing in projects.
Oman (i) As per the geography of Oman, particularly the mountainous north it is tough to distribute the power generated.
(ii)Establishment of an agency to support renewable energy and the creation of feed-in-tariff system would provide incentives for projects.
Qatar
Reducing the current subsidies on electricity from oil and gas would promote a fairer market for renewable energy.
Saudi Arabia The present cost of electricity in the country makes the market competitive for renewable energy.
UAE
(i) Any company involved in investment should be owned 50% by one or more UAE nationals (ii)Key bodies involved in renewable energy projects in addition to municipal needs require own permitting process.
X. TRANSMISSION GRIDS FOR A GLOBAL IMPACT
Electricity from renewable energy may be grid connected in order to reduce costs, increase reliability and security, and to encourage cooperation within the Middle East and with Europe. Transnational power lines are in the process of being developed, which renewable energies may easily tap into.
The multibillion-dollar Gulf States Cooperation Council (GSCC) power grid project is creating an integrated electricity network in the Middle East. This network will create 100,000 MW of additional power over the next 10 years to meet demand for an estimated $100 billion dollars.
The states involved are Saudi Arabia, Qatar, Bahrain, Kuwait, Oman and the United Arab Emirates. Thirteen contracts will be awarded in the first phase, worth $1.25 billion to link Saudi Arabia with Kuwait, Bahrain and Qatar. A partnership between the EU and MENA will greatly benefit both sides: MENA may utilize and export their vast solar resource for economic growth while the EU can provide the technologies and the capital to activate these potentials [21] , [23] , [24] .
XI. CONCLUSION
All countries in GCC are blessed with ambient solar and wind energy sources. In countries where large land areas are available hybrid plants combining renewable and conventional sources are found to be better solutions. But the use of alternative energy is still limited in GCC countries as demonstration projects have shown high cost compared with conventional power generation. As a result only renewable energy initiatives have taken place in most of the countries. Cutting subsidies and providing electricity at the real cost will help to make people aware and thus avoid excess use and wastage of electricity and water. The success of renewable energy technologies in GCC depends on introducing supporting policies such as binding targets and financial incentives, as well as regulatory frameworks to encourage deployment and reduce cost by each country.
